INTRODUCTION
Patients with maxillary defects due to surgical tumor resection mostly suffer from physical and psychological trauma. (1) Rehabilitation of maxillectomy patients is considered a real challenge for patients and prosthodontists. Prosthetic obturator is an effective means to close the defect, separate the oral cavity from nasal cavities, improve the speech hyper-nasality, prevent the nasal regurgitation of food and liquids, and support the facial profile . (2) Consequently, good obtuator may improve the patient's quality of life. ( 3) Rehabilitation of completely edentulous maxillectomy patients with prosthetic obturator may be considered a real problem. As the obtuarator retention , stability & support are compromised due to diminished maxillary bone after tumor resection.
The possible obturator movements present another problem; these movements depend on the amount and contour of the remaining palatal bone, the residual alveolar ridge, the defect size, and the presence of useful undercuts (4) The problem of obturator retention may affect the treatment outcome & affect the patient's quality of life. (5, 6) .
Osseointegrated dental implants had provided dramatic effect on the oburator retention , support and stability for completely edentulous maxillectomy patients.
The patient's masticatory efficiency, the adaptability to the obturator and the speech intelligibility are greately improved with implant retained obturator. (7) It was reported that the implant survival rate is 96 % or more. (8) Dental implants may be used in the defect and non-defect sides of the maxillary arch . (9) The implant number and location may be controlled by the defect size & the remaining bone. The residual premaxillary segment remains the most ideal location for implant placement. This site is preferred as it is opposite to the most retentive portion of the defect located along the posterior lateral wall.
Moreover, most of the patients have sufficient bone quantity & density in the area of pre-maxilla. (10) Stud & bar attachments were utilized to enhance the implant retained obturator retention & stability. O-ring and ERA attachments were preferred due to their reduced vertical height. (11) Bar attachment had been used to splint implants in implant retained maxillary obturators for completely edentulous maxilla. It was concluded that maxillary obturator retained by milled bar had improved the obturator retention. No complication had been reported during the follow-up periods (12) Bar-locator Attachment System may be useful for rehabilitation of completely edentulous patients. (15) As it provide better retention& stability than solitary attachments (16) .
The FEA has become an increasingly useful tool to predict the effects of stress on the implant and surrounding bone (13, 14) . Vertical and transverse loads resulting from mastication may induce axial stresses and bending moments that result in stress gradients in the implant & bone. Due to the extremely complex geometry of the multiplecomponents in implant/abutment /bone system; FEA has been considered the most suitable tool to study the stresses affecting dental implants from the biomechanical point of view (17) .
This will aid the prosthodontist to optimize the implant design & implant placement into bone; it will help to minimize stresses by proper design of the final prostheses (18) Many investigators evaluated the use of different types of attachment used with implant supported overdenture. (19, 20) .
This study was made to compare the stress distribution patterns in implant retained maxillary obturators using Ball, Nova-lock & Locator/ bar attachment systems with the aid of three dimensional finite element analysis.
METHODOLOGY
The following components were simulated using ANSYS program: The edentulous maxillary arch with hemi-maxillectomy defect, Bone surrounding the implants, Mucosa covering the residual ridge and palatal bone, obturator Denture base, Artificial denture teeth, dental-Implants, ball attachments, nova-lock attachments, locator -bar.
Modeling of The Maxillary Arch:
CT scanning was made for a 65-year-old female completely edentulous patient with hemimaxillectomy defect using Asti eon 4 multi slice CT scanner with 0 -3-mm serial axial sections. The file of the CT was then exported to the personal computer having Materialize Mimics 10.01 program (Materialize, interactive medical image control system, (Materialize Leuven, Belgium).
Mimics Soft-ware package was utilized to view the maxillary arch curvature , modify the CT scan of the maxilla and obtaining multiple cross sections of maxillary arch in order to form the 3-dimensional model with solid works 2018 software (Solid Works Corporation, Concord, Massachusetts, USA) for finite element stress analysis.
The maxilla was represented as a combination of cortical and cancellous bone, the bone width at the implant locations was measured and the length of bone was measured from the crest of the ridge to the floor of maxillary sinus and nasal cavity to determine the diameter and length of implant used.
Modeling of Implants & Attachments:
Implant Direct LLC, USA, Canada) measuring 3.7 × 11.5 mm in dimension, with 3.5 mm diameter platform and internal connections were used. The implant was modeled using the appropriate dimensions as given by the manufacturer. At least 1 mm bone around the neck of implant was maintained and 1 mm between the implant end and the maxillary sinus floor. The measurements of both the cortical and cancellous bone were recorded using the Mimics software and transferred as STL file to Geomagic Design X, to make the reverse engineering by converting cloud of points to solid bodies, then as a final stage the solid bodies of each component of each model were imported to Solid works 2018 for the assembling procedures, superimposition and Boolean subtraction to avoid any interference different components of the geometric models. Three types of attachments were used (Ball abutment with collar height 1.6 mm, Zimmer dental, USA, Nova lock attachment, Straumann institute, Basel ,Switzerland Locator/bar attachment system, Zest anchor). 
Modeling of The Obturator:
The positions of the teeth were determined according to the average teeth width. Fig. (2) A cut section was made at each tooth site wherever the cortical and cancellous bony layers of bone surrounding each tooth was identified with the "Reslicing "feature in the Mimics software. The measurements of the artificial teeth used were recorded and transferred as STL file to Geomagic Design X and Reverse engineering was made corresponding to the anatomy of the teeth as cusp tips, mesial and distal marginal ridges and contact areas.
The Denture Base:
Denture Base was designed using Exocad software to fit onto the mucosa and bone side and then transferred as STL file to Geomagic Design X, to proceed with the reverse engineering phase. (Fig.2b ) After Reverse engineering phase; all models of the components were transferred to Solid works for the assembling procedures, super-imposition and Boolean subtraction to avoid any interference between bodies. The obturator at the defect side was made hollow as shown in (Fig. 2-c) . Again, three holes were engraved into the fitting surface of the denture giving room for the implants & corresponding attachments. (Fig.2-d ) by the Boolean subtraction operation.
Three implants were inserted in the areas directly adjacent to the defect, in the canine-premolar area & one posterior as recommended by Haung ,2007) 21 All the components of the models were assembled together using the "mating" feature. The bone, mucosa, implants, denture base and the different attachment systems were assembled building-up three models. 
Model-III:
Locator bar with laser welded locator attachment implant retained maxillary obturator. (Fig.2-d) 
Material Properties:
All materials in this study were considered to be homogenous, isotropic and linearly elastic. The modulus of elasticity and Poisson's ratio of the different materials were inserted into the software as input data. 
Defining Meshing:
During this process each model was divided into elements connected together at points called nodes forming an unstructured Tetrahedral Mesh. Fig. (3a) . The Total number of elements & nodes in each model is blotted in Table ( 2). 
Defining contacts and gaps between components:
All components were constructed to ensure 100% contact along the interfaces. A bonded contact means that these objects are displaced as one unit upon load application and the two contacting bodies can't be separated. The exception was the contact between the fitting surface of the obturator and the contacting mucosa.
Defining LOADS:
A 100 Newton Masticatory load in a vertical & oblique direction (45 degrees) was applied to the obturator prosthesis on the defect side.
· The vertical load (100 N )was directed towards the central fossae of the molar region on the defect side. (Fig 3.b) .
· The oblique load (100 N ) was applied in 45 degrees to the palatal inclines of the buccal cusps. (Fig.3.c) · The load was distributed over the prostheses teeth as (50 N on the first molar, 20 N on premolar area & 10 N on the canine). 
Results of 3D-FEA stress analysis:
The result of each of the loading conditions for each of the three models were collected from the out-put of ANSYS program Canonsburg, PA, USA). Von Misses' equivalent stresses (S.equiv.) were selected as they are most commonly reported in FEA studies to summarize the overall stress state at a point. Consequently, the critical areas of highest stresses can be easily determined in the studied model. (22) Figure (4.a &4.b) are showing that the highest stresses were detected at the palatal cortical plates around the first implant , followed by the 2 nd & the 3 rd implant. Figure (4.c. &4.d) Figure (5.a &5-b) are showing that the highest stresses were detected at the mesio-palatal cortical plates around the 1 st implant , followed by the 2 nd & the 3 rd implant. 
Results of Model (I) Implant retained maxillary obturator with Ball attachment system

Under oblique load: Von Misses stresses values
Results of Model (II): Implant retained maxillary obturator Nova lock attachment system
Results of Model (III)-Locator /bar implant retained maxillary obturator:
Under oblique load: Von Misses stresses values
DISCUSSION FEA OBTURATOR
In this study three dimensional FEA was made to evaluate the stress distribution pattern in implant retained maxillary obturator retained using Ball, Nova-lock and locator/Bar attachment systems. Three implants were installed in the remaining alveolar bone from the anterior to the posterior areas in a non-linear relationship to maximize stability, support, and retention.
The results of this study had revealed that the highest Von Misses stresses were recorded in the cortical bony layers surrounding the necks of the implants retaining maxillary obturtors under oblique loading in the three studied models. This finding agrees with results of previous studies as. (Jiang. et al., 2019) 
The highest stresses detected in the cortical bony layers surrounding the implant necks may be due to the higher modulus of elasticity of the cortical bone than the cancellous bone , this explains the limited ability of compact bone to absorb or dissipate forces delivered onto the implant/bone interface. This may explain for crestal bone loss that occur around implants in case of extra-load application.
Moreover, on oblique load application, the load is analyzed into vertical, horizontal & shears components. Implants are designed to tolerate the vertically applied forces and the implant-prosthetic unit can adapt to compressive forces.
However, the horizontal & shear force components tend to induce stress build-up at the implant/ bone interface. This may explain the highest stress values recorded under oblique load. Hence, in clinical application implants should be installed in a manner to avoid the destructive oblique & horizontal forces that may endanger the implant success. (24) These results agree with, Jemt et al.996 (25) who conclude that the direction of occlusal forces is more influential than the connection of implants.
The highest stresses detected at the 1 st implant adjacent to the maxillectomy defect might be due to the magnification of load applied by the long lever arms present after maxillary resection. This agrees with previous clinical studies that reported that crestal bone resorption is found to be higher around the implant adjacent to the defect than other implants (26, 27) The results of model -II had revealed that Novalock attachment retained implant obturators had shown the lowest Von Misses stress values, followed by Ball and Locator/ bar attachment systems.
This finding may be due to the low profile of Nova-lock attachment that may lead to decreasing the stresses transmitted onto the implant/ bone interface. Moreover, the PEEK resilient cap in the female metal housing has the lowest modulus of elasticity allowing more stress absorption & better stress distribution than Nylon caps lining the metal housing in the Ball attachment system. Anyway, this difference between Nova-lock & ball attachments might be attributed to difference in attachment geometry.
The results of Model-I (Ball attachment) are consistent with previous studies as Pesqueira et al.,2013 and Goiato et al., 2012 (28, 29 ) , they concluded that ball attachment transmits less stresses to the implants in implant retained obturators due to the resilient characteristic of the Nylon caps female parts of the ball attachment system that absorb &distribute stress delivered to them more homogeneously.
The highest Von Misses stresses were noticed in Model -III (Locator/ Bar attachment implant retained obtuartors); This observation could be explained biomechanically as follows: one side of the oburator is supported by the bar while the defect side rests on soft tissue, which is considered as a cantilever. The presence of cantilevers increases the forces distributed to implants, possibly up to 2 or 3 times the applied load on a single implant, due to moments . (30) Moreover, the bar attachment system rearranges the obturator displacement by distributing the load as the fulcrum implant will be always under compression and experiencing the highest amount of load. Meanwhile, the other implants will be under a pullout and/or compressive loads, so they show a lesser rate of bone resorption. This may explain the highest stresses detected at the area around the implant adjacent to the defect and the least stresses detected at the 3 rd implant. (31) On the other hand, stress values in model-III was lower than Bar/clip system; this may be due to the presence of Locator attachment with its low profile that play a role in dissipating occlusal loads through the abutment to the implant in a more favorable magnitude and distribution. This result is in line with Jain et al. (32) These results of stress distribution agree Goiato et al., (33) who evaluated the stress distribution in different implants' attachment systems (O-ring, bar-clip and bar with O-ring in distal cantilever) used in maxillary obturators by photo elastic analysis method. They concluded that the use of the association between the bar and distal O-rings favored the stress distribution.
CONCLUSIONS
Within the limitations of this study various conclusions could be drawn:
· The load direction has more important role than the attachment type in stress distribution pattern in implant retained maxillary obturators.
· Nova-lock attachment system may induce the least stresses onto implant/ bone interface followed by Ball & locator bar attachment systems.
· The Locator/ bar attachment may allow better stress distribution in implant retained maxillary obturators than other bar systems.
